Abstract: Parton distribution functions (PDFs) describe the internal structure of the proton and are necessary inputs to almost all theory predictions of hadron colliders. One way to do a precise measurement of a PDF is to measure the lepton charge asymmetry of W boson where ud → W + and dū → W − . Therefore, u, d,ū , andd quark shapes of the most modern PDF models (NNPDF3.1, NNPDF3.0, CT14, MMHT2014, and HERAPDF2.0) are inspected using the APFEL online cluster in this paper. The ratio of d to u is further investigated since the charge asymmetry is sensitive to the value of d over u momentum distributions in the proton. Q scale dependence of PDFs are further studied in a range from 1 to 100 GeV.
Introduction
Quarks and gluons are collectively referred to as partons. The parton name is a generic description of any particle constituent within hadrons such as protons and neutrons. There are six type of quarks (up (u), down (d), charm (c), strange (s), top (t), and bottom (b)) and six types of antiquarks (ū,d,c,s,t , andb). Quantum chromodynamics (QCD) and parton distribution functions (PDFs) describe the interactions between quarks and the internal structure of the hadrons, respectively. Therefore, QCD calculation of any particle and the PDF of any hadron provide crucial information about their properties. The measurement of W boson charge asymmetry (A W ) originating from pp, pp , and ep collisions provides important information about the proton structure as described by PDFs. One way to extract W boson charge asymmetry is the calculation of W + and W − boson production cross-sections. Any calculation of production cross-section with hadrons in the initial state involves PDFs as an input. If A and B hadrons produce X, the cross-section for the process σ AB−→X can be determined from the convolution of the cross-section of the intervening partons a and b,σ ab−→X :
where f a/A (x a ) and f b/B (x b ) are parton distribution functions, and x a,b is the momentum fractions of hadrons A and B carried by partons a and b. An inaccurate PDF prediction can lead to an erroneous result or a false claim of discovery since all production cross-sections for SM and new physics alike depend on PDFs. 
There are many PDF models provided by PDF analysis groups. Although the PDF models might have many differences, such as different input data, treatments of heavy quarks, values of heavy quark masses, and ways of parameterizing PDFs, studies on QCD predictions proved that the calculations based on different PDF models result in good agreement with each other [3, 4] . This motivates us to study quark NNPDF3.1, NNPDF3.0, CT14, MMHT2014, and HERAPDF2.0 PDF shapes to understand their agreement with each other at the parton level.
Quark PDF shapes
u, d,ū, andd quarks are considered to compare different PDF models since ud → W + and dū → W − . The APFEL online cluster (https://apfel.mi.infn.it) is used to extract the PDF shape of the quarks. To plot the shapes as a function of Bjorken parameter x, the x-axis is divided into 100 bins and ranged from 10 −5 to 1.
Then the Q scale is set to W boson mass ( M W = 80.403 GeV) and the considered quark shapes are calculated and compared in Figure 1 .
Here, NNPDF3.1 [5] , NNPDF3.0 [6] , CT14 [7] , MMHT2014 [8] , and HERAPDF2.0 [9] NNLO PDF models are used to make comparisons of quark PDFs. NNPDF3.1 is the improved version of NNPDF3.0 and became available recently. As shown in the figures, the most noticeable improvement over NNPDF3.0 involves the uncertainty of the predictions. For all considered quark types, the uncertainties in NNPDF3.1 are smaller than the uncertainties in NNPDF3.0 at low x region. On the other hand, the figures also show that all PDF predictions are in good agreement over the entire range of x. NNPDF3.0 and HERAPDF2.0 have the biggest and smallest uncertainties, respectively, and the uncertainties on the PDFs are bigger at low x values. In general, it is not expected to have significant differences in the central values of quark PDF shapes; however, the ratios of d to u for the CT14 and HERAPDF2.0 models introduce remarkable differences in specific x ranges from what NNPDF and MMHT2014 predict. These differences may lead to the inadequacy of predictions to describe the experimental results in the corresponding x ranges.
The impact of Q scale on quark PDF shapes
Quarks are stated in the form of q(x, Q) so that it is clearly seen that they are a function of Q scale as much as x. Therefore, the predictions are performed at different Q values to understand how the shapes are changed by the increase of the Q scale. This study is focused on CT14, HERAPDF2.0, and NNPDF3.1 predictions in the Bjorken parameter range from 10 −5 to 10 −1 . Figure 3 shows the results of u and d quark PDF shapes by varying the Q scale from 1 GeV to 100 GeV. The plots are placed from left to right for NNPDF3.1, CT14, and HERAPDF2.0. The upper and lower plots 
Results and discussion
PDFs are essential inputs for the theoretical predictions of any particle in any hadron collider. Therefore, many groups are motivated to study PDFs and they provide different models of PDFs by using different approaches and parameters. In this paper, some of the latest PDF models (NNPDF3.1, NNPDF3.0, CT14, MMHT2014, and [10] . Therefore, it can be safely claimed that the charge asymmetry prediction of HERAPDF2.0 at 7 TeV may not describe the LHC measurement well since the charge asymmetry is sensitive to the d over u ratio and this ratio is different from other PDF groups' ratios in this region.
The impact of Q scale on PDFs is further studied. Figures 3 and 4 are indicative of the impact of Q scale on the quark PDFs. The Q scale is ranged from 1 to 100 GeV: 1, 10, 20, 30, 40, 50, 60, 70, 80.403, 90, 100. The quark PDFs at small Q scale (Q = 1 GeV) are significantly different than the PDF shapes at other considered Q scales. In particular, CT14 differs considerably from the other two at Q = 1 GeV. On the other hand, the predictions for Q ≥ 10 cases have similar shapes but they might differ from each other. One thing needing to be underlined here for Figure 4 is that the momentum distribution ratios of CT14 in the range of 10 −5 to 10 −2 present bigger differences for different Q values and this behavior needs to be further investigated by the CT14 PDF group.
